This study attempts to quantify whether a 4 percent withdrawal rate can still be considered as safe for U.S. retirees in recent years when earnings valuations have been at historical highs and the dividend yield has been at historical lows. We find that the traditional 4 percent withdrawal rule is likely to fail for recent retirees. The maximum sustainable withdrawal rate (MWR) for retirees may continue declining even after the peak in earnings valuations in 2000. Our lowest point estimate for an MWR with a 60/40 allocation between stocks and bonds is 1.46 percent for new retirees in 2008. We also discuss confidence intervals for these predictions. The regression framework with variables to predict long-term stock returns, bond returns, and inflation (the components driving the retiree's remaining portfolio balance) produces estimates that fit the historical data quite well, and we use backtesting for a further robustness check. Nevertheless, there are important qualifications for these predictions. In particular, they depend on out-ofsample estimates as the circumstances of the past 15 years have not been witnessed before, and there is always potential for structural changes which could leave recent retirees in better shape than suggested by the model. Looking forward, this methodology can guide new retirees toward a reasonable range for their MWR so that the 4 percent rule need not be blindly followed.
Introduction
find that earnings valuation ratios provide predictive power for long-term stock market returns. Most notably, the dividend-price ratio (DY) and the ratio of current stock price to average real earnings over the previous 10 years (PE10) are both statistically significant predictors of the subsequent 10-year real returns on stocks. savings to obtain inflation-adjusted income over a 30-year period. MWRs represent a sustainable spending rate from savings, and Arnott (2004) argues that sustainable spending rates are not fixed numbers. Rather, they change with changing yields. He reminds that the key components of returns are income, growth, and changing valuation multiples. For stocks, returns depend on their dividend yield, earnings growth, and any changes in the valuation placed on earnings. If the current dividend yield is below its historical average, then future stock returns will also tend to be lower. In contrast, when the PE10 is low, markets tend to exhibit mean reversion and relatively higher future returns can be expected. Returns on bonds, meanwhile, depend on the initial bond yield and on subsequent yield changes. Low bond yields will tend to translate into lower returns due to less income and heightened interest rate risk.
While MWRs are closely connected to long-term asset returns over the 30-year horizon, MWRs also exhibit important differences from straightforward geometric real returns. MWRs are based on a portfolio of assets split between stocks and bonds. MWRs also experience sequence of returns risk, as withdrawals are made periodically from savings so that the retiree's geometric returns will not be the same as those for the underlying assets. As such, withdrawals made early in the retirement period have a bigger impact on the final outcomes than withdrawals late in the retirement period. It can be difficult for retirees to recover from early losses. Fullmer (2008) and Pfau (2010b) provide further discussion of this issue. MWRs are also sensitive to when the lower bound of zero wealth is reached, which make MWRs particularly sensitive to asset volatility and could cause the MWR to be lower than suggested by the geometric returns of the underlying assets. Inflation is also specifically important to MWRs in a manner beyond inflation's impact on real asset returns, since withdrawal amounts are adjusted annually to reflect the cumulative inflation since retirement. High inflation will compound the difficulty of sustaining a real withdrawal amount.
For a retirement portfolio split between stocks and bonds, the MWR over a 30-year horizon is the initial withdrawal amount as a percentage of savings at retirement that can then be adjusted for inflation in subsequent years and will provide income for precisely 30 years. Bengen (1994) originated a methodology for finding a safe real withdrawal rate using historical data. His "SAFEMAX" is the minimum of all the MWRs in the historical period. Using data on the U.S. S&P 500 and intermediate-term U.S. government bonds (ITGB) since 1926, he suggested that a withdrawal rate of 4 percent of the portfolio value at retirement, which can then be adjusted for inflation in subsequent years, will safely provide income for at least 30 years when the stock portion of the portfolio is between 50 and 75 percent. With this data, the SAFEMAX is below 4 percent. The MWR fell under 4 percent for retirements beginning in January of 1965, 1966, 1968, and 1969 , even under the extreme assumption (called "perfect foresight") that allows new retirees in each year to pick the fixed asset allocation over their retirement period that provides the largest MWR. MWRs are shown for allocations of 100 percent bonds, a 60/40 split between stocks and bonds, and the "perfect foresight" MWR just described. The bottom part of Figure 2 shows the corresponding optimal asset allocation for the perfect foresight case, indicating that 100 percent stocks provided the highest MWRs in most retirement years. Looking specifically at the 60/40 portfolio of stocks and bonds, MWRs ranged 1 MWRs vary from study to study because they are quite sensitive to underlying assumptions including asset allocation, whether any fees are deducted, whether withdrawals occur at the beginning or end of the period, and how frequently the portfolio is rebalanced. Also, in particular, MWRs are sensitive to the dataset used, and they tend to be highest when the bond component is the above-mentioned ITGB from Ibbotson Associates' Stocks, Bonds, Bills, and Inflation (SBBI) monthly data on total returns for U.S. financial markets since 1926. When the stock component is the S&P 500, ITGB keeps the SAFEMAX above 4 percent, but the SAFEMAX is less than 4 percent when long-term government or corporate bonds are used. On the other hand, Bengen (2006) finds that including small-capitalization stocks with the S&P 500 and ITGB can increase the SAFEMAX to about 4.5 percent. retirees should be extra cautious when retiring at times with high PE10 ratios, but he still expects that a 4.5 percent withdrawal rate will be safe. His focus was more in the other direction, i.e. that retirees who observe a low PE10 value at retirement (below 12) could safely increase their withdrawal rate to 5.5 percent. In a subsequent blog post, though, Kitces (2008b) 
Methodology and Data
The maximum sustainable withdrawal rate (MWR) is the variable we seek to explain and predict. For each retirement year, it is the highest withdrawal rate that would have provided a sustained real income over a fixed 30-year retirement duration. At the beginning of the first year of retirement, an initial withdrawal is made equal to the MWR times accumulated wealth.
Remaining assets then grow or shrink according to the asset returns for the year. At the end of the year, the remaining portfolio wealth is rebalanced to the targeted asset allocation. In subsequent years, the withdrawal amount adjusts by the previous year's inflation rate and the order of portfolio transactions is repeated. Withdrawals are made at the start of each year and are not affected by asset returns, so the current withdrawal rate (the withdrawal amount divided by remaining wealth) differs from the MWR in subsequent years. If the withdrawal pushes the account balance to zero, the withdrawal rate was too high and the portfolio failed. No attempt is made to consider taxes, which makes these findings applicable to Roth IRAs when considered on an after-tax basis. Also, we assume that retirees do not need to pay any portfolio management or advisor fees. For each retirement year, we calculate the MWR for portfolios with various combinations of stocks and bonds in five percentage point increments for a total of 21 asset allocation choices.
We develop a regression model with the intention of predicting the 30-year MWR for a retiree based on market information freely available at the time of retirement. For each regression specification, 21 regressions are run in order to provide distinct prediction models for each asset allocation. We will choose one regression specification to cover the various asset allocations, which suggests that the specification must include variables to predict real stock and bond returns and inflation. Campbell and Shiller established a link between real stock returns, PE10 (or EY10), and DY, suggesting that these variables belong in the regression specification. For bonds, the current bond yield (I) may provide reasonable predictive power as a high yield implies both that current income from the bond will be high and that any subsequent mean reversion to lower yields will raise bond prices and boost returns. Through the Fisher effect, the nominal bond yield consists of a real yield and expected inflation, and it may provide insight into future inflation rates since both real rates and inflation tend to show persistence. This suggests a parsimonious model to explain and predict MWRs:
for t ranging from 1883 to 1980. We also consider models with fewer variables, and models in which the logarithm of PE10 replaces EY10 as the earnings valuation indicator.
Our data is from Robert Shiller's website (http://www.econ.yale.edu/~shiller/data.htm).
The data includes stock index values, stock returns, bond yields, bond returns, the price index, aggregate dividends, and aggregate corporate earnings since 1871. After constructing the explanatory variables, we estimate a regression model using data since 1883. The PE10 measure is the stock price in January divided by the average real earnings on a monthly basis over the previous 10 years. Campbell and Shiller justify this measure as a way to remove cyclical factors from earnings, though there is no particular theoretical reason to pick precisely 10 years. The EY10 measure is 100 divided by PE10. The dividend yield (DY) is aggregate dividends divided by the stock price. We find that a 10-year moving average for the dividend yield (DY10) provides a better model fit. This can be justified as a way to obtain the underlying trend in dividend payments after removing the cyclical trend in stock prices. Unlike EY10, the 10-year moving average for DY is not the average of previous dividends over current price, but rather the average dividend yield. Since EY10 already includes the current price, another variable is not needed for that. Bond yields (I) are for 10-year government bonds.
Obtaining confidence intervals for the predictions is important. But estimating correct standard errors is confounded by the problem of overlapping observations and serial correlation. technique cannot be applied to MWRs, since MWRs cannot be separated into distinct period returns. In a given year, up to 30 retirees will each be withdrawing different amounts from their portfolios. As far as we can determine, econometric techniques have yet to be developed to obtain corrected standard errors for this situation.
As an expedient alternative, we estimate pseudo-confidence intervals in order to provide some idea about the uncertainty associated with the forecasts. We keep the standard errors from OLS, but when we determine the critical-value of the t-distribution to make 95 percent confidence intervals, we use a small value for the degrees of freedom in order to widen the confidence intervals so that they cover a larger portion of the historical data. Our unorthodox confidence intervals illustrate a realistic range around the fitted values that is consistent with the variability found in the historical data. Since 1980, the actual optimal asset allocations are not yet known, but the model continues predicting lower bond allocations throughout the 1980s and early 1990s. Interestingly, the predicted optimal asset allocation in 2000 is 100 percent bonds, but it returns to 100 percent stocks for all subsequent years. Retirees will generally find a 100 percent stock allocation to be too risky, and Dimson, Marsh, and Staunton (2004) and Pfau (2010a) explain how stock returns in the twentieth-century U.S. were unusually high from an international perspective. It is reasonable to expect them to be lower in the future even for reasons unrelated to earnings valuations and dividend yields. The findings of Figure 8 should not be treated as anything more than a speculative first look at how the regression can guide decisions about asset allocation.
Model Fit and Predictions

Conclusions
Given the volatility of MWRs over the years, an important question is whether retirees could have any inclination for whether they were retiring at a time which would allow for a must also be taken seriously, as though we have tried to be careful about using robust assumptions, there remain a number of arbitrary choices. These include whether to use PE10 or EY10, the choice of data set, the choice of nominal bond yields rather than real yields and inflation, and the decision to use a 10-year moving average of the dividend yield. Other problems include that the overlapping observations make it difficult to estimate confidence intervals, and that changing economic circumstances may alter the relationship between MWRs and the explanatory variables. Furthermore, the previous worst outcomes in modern U.S. history were for retirees in the 1960s, and a fundamental difference from the 2000s is that inflation was substantially higher before. If the nominal bond yield does not provide a proper specification for inflation, then the lower inflation of today may prove material in supporting higher MWRs than the model predicts. Finally, retirees must maintain flexibility and the fixed real withdrawal strategy tested here is only a starting point to define baseline parameters about what may be sustainable. Other asset classes such a Treasury-Inflation Protected Bonds, small capitalization stocks, international assets, real estate, commodities and other alternative investments, as well as annuity products could all provide a way to diversify away from the risks of overvalued assets. Years: 1883 -1925 Years: 1926 Years: 1981 Note: See "Methodology and Data" section for full explanation of assumptions and data sources. 
